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Abstract
The overall appearance and size are the most effective factors for quality determination of olives. Moreover, quality classification and pricing of 
olives are done according to size, namely the number of olive fruits per kilogram. In this study, some quality criteria (number of olive fruit/kg, flesh/ 
stone weight ratio, total dry matter, total acidity as lactic acid, pH, total oil) and differences in fatty acid composition of raw olives commercially 
placing on the market in different quality range were determined. The relationship between compositional discrepancies and the size of olives were 
displayed with a quantitative analysis. For this reason, Gemlik variety olives obtained from three different districts and classified into three groups 
(containing max. 200 olive fruit/kg, max. 300 olive fruit/kg and >300 olive fruit/kg) were used. It was quantitatively determined that compositional 
attributes of raw olives offered for sale could change for sizes inconsiderably. Considering all analyzed quality criteria, olive obtained from Gemlik 
district having maximum 300 fruit per kg was determined quantitatively as the best quality sample. The panel data grouped in 9 classes has been 
evaluated by multivariate statistical methods. 
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Introduction
The consumption of table olives in the Mediterranean Basin is a 
widespread tradition, which is also reaching other non-producing 
countries 1. The olive is native to the Mediterranean region, 
tropical and central Asia and various parts of Africa. The origin 
of the olive tree is lost in time, coinciding and mingling with the 
expansion of the Mediterranean civilizations which for centuries 
governed the destiny of mankind and left their imprint on Western 
culture 2.
   Olive and olive oil are the basic foods taking place in the 
Mediterranean alimentary model. Beside its economical 
contribution to national economy, both olive and olive oil are 
beneficial to the human health. Olive oil is a rich source of essential 
fatty acids and its fatty acid composition is related with 
environmental factors and variety 3-5.
   The olive fruit is a drupe. The fruit is pale green when unripe 
and purple to black when ripe. A few varieties are green when ripe 
and some turn a shade of copper brown. The cultivars vary 
considerably in size, shape, oil content and flavor. The shapes 
range from almost round to oval or elongated with pointed ends. 
Olive fruit has a bitter component (oleuropein) which is alkaloid 
that makes bitter and unpalatable, a low sugar content (2.6-6%) 
compared with other drupes (12% or more) and a high oil content 
(12-30%) depending on the time of year and variety. The olive 
fruit cannot be consumed directly from the tree and it has to 
undergo a series of processes that differ considerably from region 
to region and which also depend on variety. Some olives are, 
however, an exception to this rule because as they ripen they 
sweeten right on the tree, in most cases this is due to fermentation. 
One case in point is the Thrubolea variety in Greece. The bitter 
constituents in olive fruit are reduced by treatment with lye. Ripe 
olives, on the other hand, can be directly preserved in salt or 
brine 2, 6, 7.
   A lot of olive varieties are grown in the Mediterranean countries 
which produce most of the world’s olives (Italy, France, Spain, 
Greece, Tunisia, Morocco, Turkey, Portugal) and Mexico, South 
Africa, Australia and of course in California 8. Production for the 
2006–2007 season amounted to 1.823,500 tons, the majority of 
which (ca. 41.2%) was located in the European Union (Spain, 
France, Greece, Italy, Portugal, Slovenia). Other significant non- 
EU producing countries include Egypt (11.4% of the world 
production), Turkey (11.2%), Syria (8.7%), The United States 
(8.1%) and Morocco (7.5%) 2.
   The characteristics of agricultural materials such as the length, 
width, thickness, arithmetic mean diameter, geometric mean 
diameter, sphericity, volume, unit mass, bulk density, true density, 
porosity, projected area, terminal velocity and drag coefficient are 
used in the handling, processing and designing equipment 9. Also, 
the physical properties of olive are essential for the design of 
equipment and facilities for the harvesting, handling, conveying, 
separation, mechanical expression of oil, storing and processing 
the olive. 
   Various  types of grading and separation equipment are designed 
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on the basis of their physical properties. Furthermore, physical 
properties are important for debittering of olives with alkali 
processing and pricing. Many studies have been reported on the 
physical properties of agricultural products as fruits, grains and 
seeds and their effect on various application 9-17. Despite an 
extensive search, it seems that there is only one research on the 
physical properties of olive 9. However, there is no study focused 
on the relationship between physical properties and quality 
criteria of olive. 
   In this study, some quality criteria [number of olive fruit/kg, 
flesh/stone weight ratio, total dry matter (%) (w/w), total acidity 
as lactic acid (%) (w/w), pH, total oil (%) (w/w)] and differences in 
fatty acid composition of raw olives commercially placing on the 
market in different quality range were determined. The relationship 
between compositional discrepancies and the size of olives were 
displayed with a quantitative analysis. For this reason, Gemlik 
variety olives obtained from three different districts and classified 
into three groups (containing max. 200 olive fruit/kg, max. 300 
olive fruit/kg and >300 olive fruit/kg) were used. 
   Factor and cluster analysis have been used in the study to 
evaluate obtained data. Factorial analysis with principal component 
(PCA), cluster analysis and stepwise regression analysis were 
used to determine the suitability of some features to characterize 
the variation of the observations and to determine natural groups 
from the varieties studied 18. The proposed procedure involves 
several analyses for dimension reduction of the number of PCA’s. 
In the second phase, cluster method was used to determine 
disparities and similarities. The approach used to group varieties 
is cluster analysis, which is well-known method within the 
multivariate statistical approaches 19. The term of cluster analysis 
encompasses a large number of techniques developed to identify 
groups of observations with similar characteristics. 
Materials and Methods
Samples: In this research Gemlik variety olives grown in three 
different districts (Gemlik, Nilüfer and Orhangazi) of Bursa/Turkey 
were used. After classification into different 3 groups (max. 200 
fruit/kg, max. 300 fruit/kg,  and >300 fruit/kg), number of olive 
fruit/kg, size (width and height), flesh/stone weight ratio, total 
dry matter, total acidity, pH and total oil and fatty acid composition 
of olive analysis were applied to these samples. 
Analytical measurements: Firstly olive samples were hand 
cleaned by sorting from foreign materials. The number of olive 
fruit per kg was determined by weighing randomly selected 100 g 
of samples and after counting them, then multiplying with 10. For 
determining the size of the samples, approximately 100 olives 
were selected and grouped into 5 categories. Dimensions (width 
and height) of 20 olive samples for each category were measured 
by a calipers with 0.1 mm precision. 
   To determine flesh/stone weight ratio randomly selected olives 
(100 g) were weighed and then pitted by hand. Then stones of 
olives were cleaned, dried and weighed. After determination of 
flesh weight by subtracting stone weight from total weight, stone 
weight was compared with flesh weight 20.
   The dry matter and total acidity of pulp of the olive fruits were 
determined according to TS 774 olive standard 21. The pH of pulp 
of the olive fruits was measured by using a pH meter (Nel Model 
890). The oil content of pulp of the olive fruits was determined by 
Soxhlet extraction using n-hexane 22.
Fatty acid methyl esters (FAME) were prepared according to 
TS 4504 standard using cold extraction method 23. The fatty acid 
composition of FAME was analyzed according to TS 4664 
standard using Hewlett Packard 6890 gas chromatograph 
equipped with a flame ionization detector (FID) 24. The analytical 
column was Agilent + DB-23 (60 m length, 0.25 mm i.d. and 0.25 
µm film thickness). The flow rate of the carrier gases were set at 
450 mL/min. for air, 40 mL/min. for hydrogen and 43 mL/min. for 
helium respectively.  Injection quantity was 1 µL. Temperatures 
of injector, column oven and detector were 130-170°C, 215-230°C 
and 130°C, respectively. 
Statistical analysis: Factorial analysis with principal component, 
cluster analysis and stepwise regression analysis were used in 
the study to evaluate obtained data. The proposed procedure 
involves several analyses for dimension reduction of data that 
are conducted principal component analysis. In the first phase, 
factor analysis has been used for identification of the number of 
PCA’s. In the second phase, cluster method has been used to 
determine disparities and similarities. 
   Cluster analysis is based on the minimizing of the variance 
among groups 25. The theory behind clustering is an expected 
positive relationship between the variables Euclidean distance 
and the similarity of the observations19. Clustering can be 
conducted directly on the data set or as a two-step procedure in 
combination with other statistical methods like factor analysis 
and principal component analysis. According to the algorithm, 
the graphical displaying of grouping results of the acquired data 
is made with drawing the two-dimensional diagram. The 
presentation of graphic which is also called as dendrogram can 
be presented in many forms such as single or complete linkage. 
The analysis filters automatically determine the primary and 
dominant crops for cluster characterization. 
Results and Discussion
The results of the physical and chemical analyses of Gemlik 
variety olives and fatty acid composition of the oils of the samples 
were  given in Table 1 and 2 respectively. In Table 3 the results of 
the factorial analyses were shown. 
   In this study multivariate statistical methods were used to 
classify a group of olive samples on the base of their physical 
and chemical characteristics. A principal component (PCA) has 
been obtained as a result of the factorial analyses (Table 3). Thus, 
there was a reduction from R9 to R1, and the information loss as a 
result of this was 0.41%. So, the rate of principal component 
coefficients explaining the fluctuations in the varieties was 
99.59% and it had a high confidence level. Communalities values 
were generally high level consequently indicating that the 
similarities among the samples were high (Table 3). 
   The Varimax rotation was applied to main components to be 
found in factor analysis. In respect of this, the most considerable 
of all examples was G-2.  In other words, the well represent in 
Gemlik variety of olives was  G-2 as to quality characteristics, so 
that classification to physical properties is not sufficient for 
determining of olive quality. Because of the middle size G-2 
(maximum 300 units/kg) olives were  found to be having the best 
quality. 
   The cluster analysis was obtained from the Euclidean scale. As 
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a result of Euclidean scale, olive samples whose quality properties 
have the most similarity were G1 and G2 (Euclidean distance is 
2.3), also the most different  olive samples were O1 and N3 
(Euclidean distance is 14.9) (Table 4). 
Cluster analyses were applied for determining the complete 
group of researched examples. According to results showed in 
dendrogram, examples were separated into two main and three 
subclusters (Fig. 1). According to dendrogram, olives grown in 
the Orhangazi district had different characteristics in respect of 
their quality. Olives grown in Nilüfer and Gemlik were found nearly 
similar for quality characteristics. Olive samples, in terms of 
quality characteristics, had relative differences determined from 
the local factors as a result of analysis. 
   The cluster analysis was done separately in respect of total 
and chemical characteristics. The same classification was 
obtained from each analysis. Because of this, the total 
characteristic dendrogram obtained with whole characteristics 
was only shown in the research. Thus, it can be said that different 
classification as to physical and chemical characteristics was 
not important for Gemlik variety olives that are grown up in different 
districts of Bursa. The same graphic was obtained from single 
and complete linkage methods. 
   The stepwise regression method was used for investigating 
the correlation between Gemlik variety olives separately. With 
this method, the main goal was revealing the similarities of olives 
that have different characteristics and grown in different region. 
In respect of R2 and F test results, the equations were in confidence 
(Table 5). The confidence of parameters was determined with t 
coefficient tests. 
 Conclusions
The group of dependent variable in regression 
analysis and the group showing most similarities 
were arranged in order, taking in the first place G-1, 
G-2 and O-2. It was confirmed that olives grown in 
Gemlik district were utmost shown by the 
characteristics of Gemlik variety olive 21. In addition, 
the olives in the second place for the number of 
fruit per kg represented mostly the quality 
characteristics of Gemlik variety olives. Taking these 
results into consideration was separately important 
in pricing the products. It was approved that the 
method of pricing the olives for the number of fruit 
per kg was more suitable than the method of 
classifying for total characteristics. The quality 
characteristics must be taken into consideration in 
pricing. This result was very important for the 
conscious consumers. 
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Figure 1. Dendrogram of  varieties obtained by cluster analysis in complete linkage.
Tree diagram for 9 variables, Euclidean distances.
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Sample Number of 
olive
fruits/kg
Width
(mm)
Height
(mm)
Flesh/stone
weight ratio 
Total dry 
matter 
(%)(w/w)
Total acidity*
(%)(w/w)
pH Total oil 
(%) (w/w) 
G-1 199 18.60 23.10 5.93 44.08 0.74 5.17 25.08 
G-2 262 16.50 21.4 5.45 44.24 0.58 5.29 25.17 
G-3 356 14.93 19.60 5.29 46.58 0.53 5.24 25.24 
N-1 188 19.07 23.33 6.26 41.96 0.66 5.16 22.69 
N-2 234 17.90 21.20 5.61 46.14 0.72 5.15 24.28 
N-3 314 15.97 18.70 4.80 47.19 0.72 5.19 26.77 
O-1 190 19.23 24.17 6.96 37.81 0.71 5.10 21.70 
O-2 259 16.80 21.63 6.03 41.27 0.63 5.16 24.23 
O-3 363 14.23 18.23 4.91 45.90 0.65 5.18 25.95 
Table 1. The results of the physical and chemical analysis of Gemlik variety olives. 
*as lactic acid  G: Gemlik, N: Nilüfer, O: Orhangazi    1: max. 200 fruits/kg, 2: max. 300 fruits/kg, 3: >300 fruits/kg. 
Fatty acid G-1 G-2 G-3 N-1 N-2 N-3 O-1 O-2 O-3 
Palmitic (C16) 12.91 12.81 12.81 13.61 13.44 13.32 16.91 15.45 16.69 
Palmitoleic (C16:1) 1.32 1.14 1.15 1.19 1.18 1.13 1.25 1.24 1.10 
Heptadecanoic (C17:1) 0.11 0.10 0.12 0.12 0.12 0.14 0.14 0.13 0.16 
Cis-10-hdecanoic 0.22 0.20 0.22 0.23 0.23 0.25 0.15 0.12 0.19 
Stearic (C18) 3.11 3.19 3.24 2.89 3.06 3.05 3.63 3.64 3.99 
Oleic (18:1) 72.65 74.28 74.36 71.94 72.61 71.71 69.20 71.58 68.63 
Linoleic (18:2) 8.40 6.99 6.75 8.73 8.16 9.09 0.61 1.30 0.30 
Linolenic (18:3) 0.54 0.54 0.55 0.60 0.54 0.56 - - - 
Arachidic (C20) 0.40 0.40 0.41 0.36 0.37 0.39 0.50 0.48 0.52 
Eicosenic (C20:1) 0.23 0.25 0.25 0.24 0.23 0.23 0.23 0.22 0.20 
Behenic (C22) 0.09 0.11 0.10 0.09 0.05 0.09 0.12 0.12 0.13 
Lignoseric (C24) 0.03 - 0.04 - 0.05 0.05 0.72 0.61 1.18 
Table 2. Fatty acid composition of oils of Gemlik variety olives. 
Sample Principal component 
(PC1)
Varimax rotation 
(PC1)
Communalities
(hi
2)
Variance matrix 
(€i, Ȍ)
N-1 0.998647 G-2 0.999053 0.000009 
G-1 0.999167 G-3 0.998998 0.001002 
O-1 0.994573 G-1 0.998336 0.001664 
N-2 0.998636 N-1 0.997296 0.000300 
G-2 0,999527 N-2 0.997273 0.000950 
O-2 0.997842 N-3 0.996105 0.000025 
N-3 0.998051 O-2 0.995688 0.000018 
G-3 0.999499 O-3 0.990907 0.000034 
O-3 0.995443 O-1 0.989176 0.003143 
Table 3. The results of factorial analyses by principal component. 
Explained variance: 8.96 (Eigenvalue), Explained rate: 99.59 %. 
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Sample N-1 G-1 O-1 N-2 G-2 O-2 N-3 G-3 O-3 
N-1 0         
G-1 3.4 0        
O-1 10.8 12.4 0       
N-2 5,3 3.6 13.5 0      
G-2 4.6 2.3 12.3 4.2 0     
O-2 8.3 8.6 6.7 9.7 8.0 0    
N-3 6.8 4.0 14.9 4.2 4.8 10.7 0   
G-3 6.3 3.6 13.7 3.9 2.4 9.0 4.0 0  
O-3 11.6 10.7 10.6 10.9 10.4 6.2 10.7 10.2 0 
Table 4. Euclidean distances of samples. 
(b)* coefficient (and t value ) Sample
G-1 G-2 G-3 N-1 N-2 N-3 O-1 O-2 O-3 
G-1 _ 0.29 
(1.62)
_ 0.19 
(5.51)
-0.03
(-1.37)xx 
0.52
(10.09)
-0.02
(-1.57)xx 
0.25
(4.10)
-0.20
(-4.91)
G-2 0.84 
(13.12)
_ 0.39 
(4.98)
_ _ -0.29 
(-5.95)
_ 0.07 
(3.09)
_
G-3 -1.00 
(-3.76)
1.42
(7.26)
_ _ _ 0.58 
(6,04)
_ _ _ 
N-1 2.58 
(8.10)
-1.11
(-4.04)
_ _ 0.24 
(2.62)
-0.80
(-7.18)
0.10
(2.35)
_ _ 
N-2 -1.29 
(-1.80)x
_ 0.55 
(1.82)x
0.94
(2.47)
_ 0.80 
(2.88)
_ _ _ 
N-3 2.62 
(16.89)
-1.79
(-12.10)
0.62
(4.84)
-0.51
(-6.00)
_ _ _ _ 0.09 
(3.43)
O-1 _ -0.77 
(-1.49)xx 
_ 0.54 
(1.18)xx 
_ _ _ 1.45 
(5.26)
-0.24
(-1.14)xx 
O-2 _ 1.70 
(17.31)
-0.84
(-7.85)
_ _ -0.58 
(-11.97)
0.05
(1.86)x
_ 0.66 
(27.30)
O-3 -2.78 
(-13.86)
_ 0.40 
(3.74)
0.31
(2.80)
_ 1.80 
(20.97)
-0.06
(-1.41)xx 
1.30
(23.92)
_
Table 5. The results of stepwise regression analysis. 
x: 90 % confidence t, x x: < 90 % confidence t,  other parameters  have  95 % confidence level. 
*: R2 = 99 % confidence level in all equation. F values is changing between 1096 and 91726. 
